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Abstract 
Thin film of silver nanoparticle (Ag)-PMMA composite was synthesized and characterized. The angle of minimum reflectivity 
(SPR angle) for the composite film was figured out using the Kretschmann two prism set up. The shift in the SPR angle of the 
composite film  from that of the pure silver film was analyzed. Using Bruggemann effective medium theory, the effective 
permittivity of the composite film was determined. 
 
 
Pacs Codes: 73.20.Mf, 81.05.Xj, 78.67.Pt, 78.67.Sc, 77.22.Ch, 81.05.Ni, 78.40.-q, 78.20.-e, 78.66.-w 
Keywords: metamaterial; silver nanoparticle; PMMA; composite; thin film; effective permittivity 
1. INTRODUCTION
There is renewed research interest in the recent past relevant to surface plasmons and its metamaterial’s 
perspectives as reported in literature [1-3]. Such material structures with negative permittivity and negative 
permeability have attracted great attention due to their peculiar electromagnetic properties that generally do not exist 
in naturally occurring materials. The composite metamaterials are one such type of metamaterial, in which two or 
more materials will combine together, and is able to show different metamaterial properties [4-6]. Here the size, 
shape and composition of the materials determine the effective metamaterial properties for the composites. Recently 
the research interest was focused on the synthesis of plasmonic metamaterials because of its potential applications in 
optical waveguides [7], sub-wavelength optics and imaging [8], invisibility [9] etc.  
There are also layered metamaterial structures which focuses on the surface plasmon polaritons [10]. Here 
the layered structure consists of each layer with different optical properties that shows unusual material properties. If 
the layers consist of metals then the surface plasmon polaritons can propagate through different interfaces. These 
surface plasmon assisted metamaterials with its unexpected properties have its own potential applications [11]. In 
such layered materials, the surface plasmon polaritons is observed using the attenuated total reflection technique. 
The minimum reflection peaks at different frequency regions can be observed with respect to the different interfaces 
of the layered structure [12]. The metal-dielectric layered structures also able to show super-lensing effect in the 
near fields, provided the real part of the dielectric permittivity of the metal İm should be equal to the negative of the 
permittivity of the dielectric medium (İd) [13].  Though there are different aspects of metamaterial research has been 
reported by way of simulation and practical demonstrations, the full potential of nanoparticle –composite based 
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layered structures for such applications are yet to be fully explored.   In this context, this manuscript details on the 
synthesis of the silver nanoparticle-PMMA composite structures and its characterizations so as to find potential 
metamaterial applications.  
2. MATERIALS AND METHODS 
Silver nanoparticle (Nanostructured & Amorphous Materials, Inc.) and PMMA (Sigma Aldrich) were used 
in this study. 40 mg of PMMA was first dissolved in 25 ml of THF.   250 mg silver nanoparticle were added to the 
solution and put under laser exposure in order to reduce the aggregation of the nanoparticle. A clear yellow solution 
obtained after continuous laser exposure for around 30 minutes with 2nd harmonic ( 532nm) of  Big Sky laser-CFR 
400 Nd-YAG ( Pulse enrgy 25 mJ, Pulse duration: 8ns). Thin film of the nanoparticle composite was prepared and 
spin coated on a glass slide (Sail Brand, Refractive index 1.5 ± 0.02) using Karl Suss-RC 5 spin coater, at a speed of 
2000 rpm.  Pure silver film was coated on a glass slide using Coaxial Magnetron sputter. These two samples were 
used for further studies. The AFM (Digital Instruments) image and the absorption spectrum were taken in order to 
obtain the film thickness/nanoparticle size and absorption characteristics of the composite film. The TGA analysis 
was carried using TA Thermo Gravimetric Analyzer, to get the actual composition of the thin film constituents. 
Kretschmann set up is configured to study the shift in the SPR-angle for the PMMA-silver composite [14] 
and then the effect of effective permittivity of the composite medium is investigated.    
2.1. Kretschmann set-up 
The schematic representation of the two prism Kretschmann set-up is shown below (Figure 1). The He-Ne 
laser (632.8 nm) was used in the present study. Right angled BK 7 prism was used to couple the radiation to the 
sample and was kept in a controllable rotation stage. A second prism was set-up inorder to get the position of the out 
coming reflected beam in a fixed position on the photodetector, during the rotation of the prism stage. The coated 
glass slide was attached to the base of the prism P1 with an index matching liquid of refractive index 1.5. The 
polarizer P was used here to produce a p-polarized light beam. The modulated light from the mechanical chopper is 
passed through the lens and pinhole.  The reflected beam was collected by the large area photodetector and the lock-
in amplifier was introduced to increase the signal to noise ratio. The lock-in amplifier and the rotational stage are 
fully controlled by the computer.   
 
 
 
 
 
 
 
 
 
 
 
 
The reflectivity R of the three-layered system with the composite film having complex dielectric 
permittivity İ1 and thickness d placed in between glass with dielectric constant İ0 and air, with dielectric permittivity 
İ1 is given by Fresnel’s equation [15] 
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Figure 1.  The schematic diagram of the two-prism technique used in the study. P-Polarizer, L-
Lens, PD-photodiode, R-Prism mounted on a rotating stage, C-Chopper, A-Pinhole 
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where, rik is the reflectance at the boundary between i and k, kz1 is the z-component of the wave vector.  
3. RESULTS AND DISCUSSION 
Different techniques were used to characterize the composite film. The AFM analysis is used to find the thickness 
and particle size of the film. Figure 3 shows the AFM image of the silver doped PMMA thin film, and it shows the 
presence of silver nanoparticles in the composite with average particle size of around 65-70 nm. The thickness of the 
film obtained  is 1.5ȝm. The spectrogram shows the absorption peak of silver nanoparticle in the PMMA at around 
411 nm 
 
 
  
 
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. AFM image of the Ag + PMMA film 
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Figure 5. Absorption spectra of Ag + PMMA 
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The TGA analysis of the pure and the doped PMMA were carried out to find the thermal decomposition of the pure 
and doped PMMA film. The TGA cure in figure 6 shows the complete decomposition of the pure PMMA at around 
4300C. The remaining quantity of the composite is assigned to the Ag nanoparticle weight in the TGA curve for the 
composite film.  
  
 
 
 
 
 
 
 
 
3.1 SPR angle shift 
In the Kretschmann set-up, the reflectance data stored for each angle with angle of rotation steps 0.10. T he angle of 
minimum reflectivity gives the surface plasmon resonance angle for the pure silver layer at around 43.10. With the 
same experimental set-up, the reflectivity measurements for the silver doped PMMA were also carried out for the 
composite film. The obtained angle of minimum reflectance shows a shift in the SPR angle to 500 (Figure 7).  
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Figure 6. TGA curve of pure and Ag+PMMA composite
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The surface plasmon resonance angle shift can be attributed to the change in the total effective permittivity of the 
polymer composite medium [16]. The effective permittivity of the composites materials can be calculated 
theoretically by using different models reported in literature [17-18].  The Bruggemann effective medium theory and 
model should be mentioned in terms of its efficiency.  
3.2 Calculation of effective permittivity-Bruggemann effective medium theory 
According to Bruggemann effective medium theory, İeff can be obtained from the following relation as [18],  
 
 Where İm is the complex dielectric permittivity of the metal at 633 nm (-18+0.47i), İd is the permittivity of 
the polymer (2.2), İeff is the effective permittivity of the composite, p is the metal volume filling fraction, d is the 
depolarization factor, for spherical particle d=1/3. We use the formula, 
 
for calculating the volume filling fraction of the metal particle. wm- the mass fraction of the metal particle obtained 
from the TGA analysis can be used. ȡm, ȡd are the volume densities of the metal and the polymer respectively. The 
volume filling fraction of Ag in the PMMA-Ag composite is calculated as 0.11; hence that of PMMA is 0.89. The 
effective permittivity of the composite film is mainly depending on the volume filling fraction of each constituent in 
the composite.  According to the Bruggemann model, the effective permittivity obtained for the current Ag-PMMA 
composite film is 3.9192 + 2.0171i.  
We carried out the experiment for multilayered structure with Ag PMMA layered coated by another PVA-
Rh.6G thinfilm layer with the Kretschmann two prism set-up. The concentration of dye molecule in the polymer was 
2x10-5 M. The angle of minimum reflectivity obtained is at 54.10 (Figure 8).  
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Figure 8.  SPR curve for multilayered structure with 
Ag-PMMA and Rh.6G-PVA layeres
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The resonance angle is very sensitive to change in the refractive index of the medium outside the metal composite 
layer [24, 25].  It is found that when the medium exterior to the composite film is changed from air to the dye 
polymer composite, the SPR angle is shifted from 500 to 54.10. 
4. CONCLUSION 
Thin film composite of silver PMMA composite was prepared and characterized. The angle of minimum reflectivity 
for the composite film and for the pure silver film was obtained using Kretschmann two prism configuration.  The 
shift in the SPR angle for the composite from the pure silver layer is due to the effective permittivity change in the 
composite film. With the help of Bruggemann theoretical model, the effective permittivity of the composite film was 
evaluated. The possible implementation of dye doped multilayered metamaterial structure were also discussed.   
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